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Summary of the Invention 

This invention relates to an automatic production appara- 
tus and method for producing products employing a plurality of 
remotely controlled machine tools operative to perform preprogram-' 
med operations in sequence and in certain instances simultaneously, 
on the same work piece* Heretofore, machine tools have been 
automatically controlled to perform either the same repetitive 
operation on the same work piece or, if the machine tools have 
been program controlled by means such as a niamerical controller 
or computer, it has been required that the same type of work 
piece be sent to each machine for performing similar operations 
on each unit until the machine can be reprogrammed to perform 
different operations. Accordingly, it is a primary object of 
this Invention to provide an automatic production apparatus 
Including a plurality of production machines, each of which 
is separately program controllable and sljnultaneoualy operable 
on either the same or different work pieced whereby the total 
time required to operate on a specific work piece is substantial- 
ly reduced. 

Another object is to provide an automatic production ap- 
paratus including a transport means for a power operated tool 
and control means for said tool which is operative to permit 
the initiation and performance of predetermined operations on 
a work piece" wi thout the need for precisely pos.itioning the 
work relative to the transport means. 

Another object is to provide a new and improved automatic 
production apparatus having a plurality of self-propelled machine 
tools movable along a common guide or trackivay and each program 
controllable in their operation to operate on work from any 
selected location on said trackway whereby two or more separate 

machine tool units may perform predetermined operations relative 

i 

to a single work piece or a plurality of work^piW^s of different 


sizes and shapes* 

Another object is to provide an automatic production 
systOT having a pluraUty of machine tools each of v/hich is 
separately posltionable along a common guide or trackway so 
as to permit each tool to perform varied operations on not only 
units of conventional work to be machined but also large work 
asseKnblies* 

Another object is to provide a new and improved automatic 
production system having a common carrier or guide way means 
for a plurality of different production tools Including tools 
for perfoiming operations which conventionally require both 
automatic machine tool operation and manual operations such 
as machining, finishing, assOTbling, fastening. Inspection and 
transfer of both semi-finished and finished goods to and from 
their production area or line thereby totally eliminating the 
need for manual labor to produce certain assemblies currently 
requiring a substantial amount of same. 

With the above and such other objects in view as may 
hereafter more fully appear, the invention consists of the 
novel constructions, combinations and arrangements of parts 
as will be more fully described and illustrated in the accom- 
panying drawing, but It Is to be understood that changes, vari- 
ations and modifications may be resorted to which fall within 
the scope of the Invention as claimed. 

In the drawings: 

Fig, 1 is a block diagram of an automatic machine control 
system broadly defining aspects of the instant invention; 

Fig. 2 is a side view of one form of machine or tool 
which may be controlled by the system defined in Pig. 1; 

Fig, 2' illustrates modified featvires applicable to 
the machine illustrated in Fig. 1; 



Pig. 3 is a schematic diagram illustrating further details 
automatic control system of the typo illustrated in Fig. 1; 
Pig. U is a schematic diagram showing further modifica- 
to a system of the type illustrated in Fig. 5; 
Fig. 5 is a schematic diagram showing further modifica- 
to the system shown in Fig. 5j 

Fig. 6 is a plan view of an automatic production line 
embodying features of the instant invention; 

Pig. 7 is a plan view of a portion of a modified auto- . 
ma tic production line embodying features of the invention, and 

Pig. 8 is an end view in partial cross section of a 
portion of the apparatus shown in Fig. 7* 
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For the jnirpoao of elmplifylng tho dravjlngs and descrip- 
tion to follow It is asaumod tbQt^TJbQre not ebown, the correct drcuLt 
power supplies, dlodos, end tho llko nro provided on tiio pwcr 
ald03Of qU motora, awltchos, rolsys, solonolds, countors, and 
airallar dovlcoo usod for control* Also, any itiochnnloal foaturoo 
or devloos not illustrated are asauaod to be provided in aocord- 
Enoe with available conventional oonponents or assemblies or are 
Illustrated in greater detail in one of ny said copending eppli- 
cations* 

Provided and described hereafter are systems for ef foot- 
ing the autonetlo and remote control of one or a plurality of 
power operated devices which are olcctrically controlled by re*» 
notoly generated digital recordings comprloing portions of what 
will be referred to as cOCTond control niessagos, A conmond con- 
trol mecsage is defined as ono nade up of different message miits 
egch of which is a portion of the entire message and contains, in 
addition to one' or more discrete groups of digital signals or 
piilse trains, one or more digital and/or tone signals operative 
to effect the salective gating of a oomand control portion of 
said message unit to a particular controller or control device 
in the system for activating or presetting said control dovicct* 
Tae separate noscagos may thus each comprise (a) a series of 
pulse trains or digital codes generated as electrical signals 
of the same frequency, (b) a series of pulse trains or codes 
having interposed between certain of said codes, tone signals 
of different frequencies which are operative to energize diffcrcn 
code responsive or tone responsive relays in the control oystcra- 
for gating a respective portion or code unit of the rcniaincGr 
of the message to a rccpeotive control device for energising or 
presetting eame in sccordance with tho digital value of the 
gated code or (o) a series of tone signals of different fi-c- 
qucncios with certain of seid tonos being operative to effect the 
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goUng of otiior ton© signals to preoet or enorfilso controls in 
tho syaton rosponslvo only to reapoctivo tono aicnals, ThU3» 
yhlle tho OT/itcMns noana doacrlbod horoaf tor noy bo doflnod ns 
codo roDponalvo or coded relayo rocponslve tq codo partlona of 
the command" control ncooago, thoy nay also coaprlae tone rolcys 
reaponalvo to apoclfic frequency tones dlcposod botncen othc* 
disltnl codo, puis© train or tone portions thoroof oporatlvo to 
effect control of tho operation of the tool and the motor necna 
positioning the tool relaUve to the work on which It porfoitna. 
Co=.and control nessages also be coopoaed of different codes 
or. control tonoa .hich arc transmitted ainultanoously in which 
said codes comprise pulse trains or groups of digital signals 
o-oh Of a different frequency. Ihe groups of tones or tono codes 
„ny be recorded as they are transnittcd on a ainsle ch^nel of 
the magnetic recorder of the machine or station to .hich they 
have been gated and separated thereafter by the proper filter 
neons so that they may independently used for control of respect- 
ive e^rvoa or filtered from one another and independently recorded 
on different channels of a multi-channel recorder or utilised 
upon separation from 6ho single clgnol to preset respective pra- 
dotei^ning means as described hereinafter. 
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Dierd 1b shomi In Plg» 1 elements of an autonatlo produc- 
tion system or apparatus 10 having a plurality of power operated 
tools end devloes eaeb of xrhloh Is reaiotely controllable to per- 
form a specific function or functions relative to V70rlc-ln process, 
eciulpaent or facilities In operation. At a location remote from 
said power operated devices, a source 11 of Input command signals 
Is operatlvely connected to a scanning device 12. The oomand 
signals which control one or more of said power operated devloes 
may be provided as digital recordings or the like on one or mora 
of a plurality of cards, tapes, discs or other recording media 
chloh ere scanned by photoelectric, magnetic, mechanical switches 
or other scanning means provided In app&ratus 12. Bie result of 
scanning Is generated as a plurality of digital signals on the 
output IJ of 12 i7hlch are transmitted as one or more command 
messages which are Individually transmitted end routed to respec- 
tive receivers associated \rith selected of the plurality of poncr 

operated devices* 

Transmission of the signals generated on the output of 
scanner 12 may be accomplished by wire or short wave means. In 

Fig. 1 the output 15 Is connected by vrlre to a switching system 

such as an automatic telephone switching system 
114/^hich is operative by the first portion of the message gene- 
rated In 12 to effect Bt?itohing of the remainder of the message 
on a selected of a plurality of outputs I5 thereof to a selected 
machine or tool station designated by the general notation I6. 
In other words, a plurality of tools or tool stations designated 
16-1, 16-2, 16-3, etc. maybe provided in the system 10 illustratsd 
in Fig. 1, any one or core of rhich may receive a particular 
conimand control message in accordance uith the Bi?ltching end con- 
nection portion of the message Trhlch is first generated and 
trnnsnitted to stritohing system lJ|. Each of the plurality of 
tools or power operated devices includes a receiver-controller 
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17 wbloh la operative to recelvo ania record or otherv/ise utilize 
oomiaand control mesBasea destined to automatically control the 
machine tool or device aseociated therewith. Sxe receiver and 
controller 1? of each tool preferably includes a recording means 
for a plurality of co^auand control mesBafies and means prosettable 
by a particular message for predetermining the operation of a 
tool transport means i8 and the tool 19 itself. 3ie transport 
means l8 nay comprise one or more motor driven fixtures for pre- 
positioning one or more power operated devices in sequence Kith 
their operation as controlled by the output of 17» The poy?er 
operated devices for each unit or station l6 aay very from single 
or multiple open-loop tools such as motor driven drills, riveters, 
welding tools, mills, buffers, £;rinders, wateriel applicators 
such as sprayer? or the like. 'ILey may also coaiprise cifiseiably 
and/or disassoiobly tools for fasteners or componeats associated 
with a machine, component or i;ork-ia process which is positioned 
in the realm of operation of the po^er operated devices. Other 
open-loop devices may also include scanning end inspection ma- 
chines and apparatus such as X-ray, ultrasonic, electi-on-boam 
or other radiant energy devices operative to inspect a predeter* 
mined portion of a work piece or asscably or to adenine, weld, 
or otherwise operate thereon in accordance with movement and 
operation thereof as controlled by the coa^and control necsDge 
or messages transmitted to the receiver and conti^oller 17. 

Tools of the tjg^ described may also be operative in a 
closed-loop system which includes one or more feedback signal 
generating means operative in response to signals generated with 
the movement of the tool, its operation and/or by scanning that 
portion of the work affected by the tool or device. 
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Thore is sboTTn in FIG* 2 en cutoaatio production tool 
and a transport or x>ositloning necna thoroforo uhicb is epplicabli 
to porf orm , voriouB operations controllod by coisnand sig^ials gono« 
rotod romote tberorroza* outcnQtioclly oporativo cpparctua 20 

includes guide necns for a tool csscmbly 2l| in tho Torza of on 
overhocd counted track 22 end a floor xnounted tracU 2^ cnitonding 
adjacent to one or zsore i7ork pieces or. aosozablies W disposed 
along tbe patb of tbo parallel traclra« Tho tracks 22 end 2^ ncy 
bo fized uitbin a giver^ v7ork area and may compriao cue of a 
plurality of such tracks, each mounting a rospeotivo tool cssenbly 
such as 214 or nay bo nounted on a further frarao or tool base uhici. 
is Eoveablo to a particular production or nainteaGnoe location by 
automatic or manually directed noons* 

Supporting tho assembly 2I4 froa above is a first car- 
riage 30 having a plurality of wheels 5I rotationally supported 
thoroon which ride in rospectiva V-chapcd grooves in tho bottczi 
legs of the I-beca shaped track 22 -along which tho tool assciibly 
2I4 is noveablo for positioning the tool thereof at different lo- 
cations defined by tho extension of tracks 22 and 25, E?:tGnding 
between the upper carriage ^0 and a lower carriage 50' is a verti-- 
cal fi::ture or colum25 supporting 0 soccnd carriage 26 uhich ia 
noveablo up end doun along 25» A first no tor Kx is counted on 
carriage JO and is operative to drive said carriage longitudinally ■ 
along track 22# 15ao output cheft of gear motor IIx counts a drive 
choel 53 which nay friotionally engage tho lowor erarfnce of track 
22 or nay contaifl a plurality of teeth onf^aQin£ a spur gear . por- 
tion of the lorer eurfaoo of track 22 (not sho^n). Notation 51» 
rofors to a single t;hool having a uedgc-llke peripheral indenta- 
tion uhich rides on a v70£3ge-shQpod upwardly extending portion 25* 
of track 25 for supporting tho assembly 2l) in fixture relation 
thereon* 
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Carriage 26 Is driven up end dora on coliann 25 by eay 

flultoblo eleotrloally controllablo. drivo mocns nountod eltbor on 

sold carrlogb or the reianlndor of ti^o nsocmbly* In PIG© 2p a 

plurality of tootbod wboelo 26* are 3bo\m rototlonally nountod on 

carriage 26 and aro driven by a no tor Uz also mounted thoroon, 

to ongago onb or moro spur gear toothod portions. S)iotm latorclly 

extending froa carriage 26 is a fixture assembly 27 including a 

first arm 27a and a second ara 27b mounted for movenent relative 

to 27a and the carriage 26 to which is secured at its other end© 

of 

A fitting 27f containing a plurality/fork-like elonents 27f » 
pivotally supports am assembly 27b on a shaft or pins' 27s end a' 
motor ISR mounted within ara 27a is operative to pivot aia 27b 
about the axis of aligned pins 27s under the control of the cca- 
putlng means to be desoribed© Mounted near the end of ara 27b 
is a tool assesibly 270 containing a tool or other power oporative 
device defined by the notation T© She tool assembly 270 is pre- 
ferably removable froa the end of 27b as shown in my said appli- 
cations of niaioh this is a continuation-in-part, so as to porcilt 
different tools to bo operated by the appriratus illustrated by 
the perfoinance of minor changeover functions therofor© 

In addition to the provision of one or more work pieces, 
machines or assenbllos £ disposed at different locations adjacent 
to track 22 to be selootivoly operatjcd on by the tool T of the 
assembly 21; in accordance with a programed sequence of riovononts 
and operations, a means '3k form of one or 2::ore assemblies 

or supports is provided adjacent one or more of the work nesibers 
\7 or extending parallel to the track 22 t?hich serves as a buoklng 
mother for the tool© ITotatlon 52 refers to the shaft of a lineal 
eorvo counted on or vvithin the housing uhich cupports motor Uz 
and operative to be projected against the adjacent surface of plj 
during the operation of the tool to sorve as a support or bucking 
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means Tor the tool end/or a means for prepositionlxig said tool 

relative to the vork* The head ^2* at the end of shaft $2 engeges 

member 3I} and transmits £jcial forces directed therethrough fx^m 

the tool to member 5l4« Operation of 5^ to project against is 

preferably program; controlled by the same means controlling the 

viirious servo motors such as Uxp Mz^ HR end MT« 

Notation CO refers to a housing in vhich are mounted all 

of the components vrhioh are operative to control both preposition- 

ing and operation of the one or more tools mounted on the assembly 

?1| in accordance vith a programmed input origins ting ':Qb one or 

more cojimand control messages transmitted thereto from a remote 

location as will be hereinafter described. 

of 

Other f eatureV^ th9 apparatus of PIG. 2 inoludge a 
plurality of wires 2? \?hich ere supported off track 22 by a plu- 
rality of insulating spacers 29 Notation 28 refers to an 
assembly of slides or brush elements ^hich are insulatedly sup- 
ported by carriage 30 and moveably engage respective of the plu- 
rality of trires 29 for the transmission of electrioal energy to 
the various servo motors mounted on assembly 2lj and of signals 
operative to control said motors. 

Kotation 35a refers to e reel of electrically cable 36 
extending between CO and the various motors mounted on the oar— 
rlage 26 and the tool assembly 27 extending therefrom. The re- 
tracter 35a is operative to retract cable 56 when carriage 26 
moves uptvardly and to perait the paying out of cable when the 
assembly moves dOTm-JErdiy. 

Soenning and s\7ltching controls for the apparatus 20 
\thich \Till hereinafter be described in greater detail, include a 
photoelectric cell-relay I|8 mounted on carriage 3^ operative 
to scan a grid, marlcs or reflective markers disposed along the 
edge of the upper leg of the I-beam track 22. Uounted on the 
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other vail of oQrriage ^0 is a limit switch li9* adapted to bo 
activated by a pin or pins projecting trcax track 22* Either or 
both tiieae. scanners may bo mounted on tho loirer oarriaso JO' to 
define neons for controllins mvc^cnt of tho casc^ibly 2I4 along 
the path defined by both tracks* A photoelectric sconning relay 
3$ is choim secured to the housing 270 for tho tool disposed at 
the end of ara assembly 27 and is operative to scan and detoot 
the voA surface^ portions thereof^ reflective markors or other 
means disposed Giipr adjacent to the T7ork or its holding fixture* 
Tho relay 55 preferably includes a photoeleotrio coll disposed 
in a first housing or compartment 35* adjacent to a light source 
disposed in a second compartment 33° ^d adapted to project a 
beam of light substantially parallel to the scaxming a^is of tho 
photoeleotrio oell so that tho cell cay become energised upon 
detecting the light from said light source after its reflection 
off the surf aoo of tho work being scanned, liio photoeloctrio 
relay 35 may bo utilized for merely detecting tho appearance of 
a portion of the \70rk piooo suoh as an edgo thoreof as it comes 
into alignment with the projected light beam* It may also be 
utilized for effecting fine adjustment end positional control of 
the tool positioning fixture in scanning, narro-ar retro-refloctive 
markers or grid lines disposed oh a reflex raflocting surface 
suoh as tho commercially available Ccotch Lite. 

PIGi 2» illustrates the fixture assembly 27 of FIG. 2 
modified with a plurality of limit switches mountad on and pro- 
jecting in different directions from the tool bousing 27c» A 
first limit cuitch II7 is adaptod^icrith its actuator arm project- 
ing laterally and horisontally outward thorGfrcm,to engage a 
vortical surface of a work piece, housing of a machine or tho 
like. A second limit switch II8 is mounted on 27c with its actu- 
ator arm projecting vertically dov.Tiward and 1^ adapted to effect 

\ 
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nutoaatlo contxK>l of tho apparatus C3 will hereinafter bo des- 
cribed uhon it engages a horizoatr,! surf aoo such as the top of the 
uorl: piece or n lateral projection thereof* Other. moons may also 
bo utilized for sensing t?orl:-pieo3 or work-mount eurfacoa such as 
nagnetio meana or means such as photoeleotric relay 35 adapted to 
detect tho reflection of a light souroe off the surface of the 
work piece. 

.As stated, the tool or device positioned by the appara- 
tus 20 In the realm of movonent of the arm assembly 2^ may co3iprij|e 
various forms of electrically controlled power operative devices 
for performiTLg one or more of a plurality of production macMning, 
assembly or inspection functions, material handling or maintenance > 
functions* Ihese devices may include various tools adapted to 
shape or machine the work cuch as drills, mills, saws, grindors, 
buffers, punchera and shapors or the like; various assembly doviods 
including welding tools, riveters and other fastonor applicators 
adapted to be automatically preposl-tionod and operated in a pro- 
grammed fashion on the work; various inspection devices including 
radiation devices such as light. X-ray, magnetic field measurcnen-l;, 
electron beam measurement and cathode ray devices such cs a tele- 
vision camera o^ photonultipller device and variouc maintenanoe 
tools including wrenches, screvving end xrr.scrowing devices, manipu- 
lators for valves, dials and anus projecting froia the piping or 
devices to be controlled thereby; manipulator jaws or the like. 

Notation MR in FIG* 2 refers to a motor- operative to . 
pivot the ara 27b on arm 27a. . ISiis servo may also be operative 
to project and retract 27b with respect to 27a or to rotate 270 
about the longitudinal axis of 27a. In other ^:70^ds, various co:::- 
binations of rotary end lineal servo devices ore conceived as 
applicable to the aim assembly 27 as illustrated or to various 
modifioations thereof depending on tho production functions 
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required of the apparatus* If servo MR Is a gear motor opera tiva 
to rotate 271> about tbo longitudinal axis of arm 27a, then the 
automatio control means described hereinafter maj be operative 
to effect the automatio assemblj and dio assembly of various tool 
housings and the different tools held thereby \rlth the end of 
27b, particularly if assembly is effected by threading mesns in 
rhich 27c is screwed onto the end of 27b» A fixture for holding 
k plurality of tools located in different housings 27c may be 
prepositioned relative to the track tray 22 so that command mes- 
sage control of the operation of motor after controlling lis 
to position 26 fit the proper height, may be operative to effect 
the disassembly of one tool housing 27c already mounted on the 
end of 27b and its placement in a predetermined location on said 
fixture end the automatio assembly thereon of a selected tool 
housing trhieh is at a predetermined location on said fixture* 

MG» 2" shows details of &e coupling means at the 
end of flLxtjire assembly 27 such as airm 27b operative to both 
secure the "tool assembly 27c thereto and electrically connect 
the devioaa secured therein to the electrical circuitry of ihe 
fixture 27 «ind the power and control fc^etons located in housiig. 
CO. The am or column defining the end of asse^ibly 27 is threiadec 
at its end at 27 1 for removably securing it to the threaded end 
27t' of tool housing or mount 27c, T;hich function nay be per- 
forsied automatic all J- as described by rotating either or both 
asseHiblies after their signal controlled alignaont \flth e&ch 
other* Electrical connection of components such as HT or others 
mounted within housing 27o nay be effected by the provision of 
aligned contact members at the end of 27 and within 27o rhich 
engoge each other to connect respective circuits of both assem- 
blies when the proper degree of relative rotation of both is 
effected* In pig. 2" a push-pull, bistable solenoid 275c io 
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fi e cur Gd within ^ 

— :rr:rir ' • 

i« adapted to oa«a.« „ coanoctor 

©agago Q receptacle o« ^ 

.u.. It, :::: " "'^ ^- 

or collod at ito end to pomit it >, ^ 

■y 270. dotation 271: rel-^,* to a kev v 
tloa Of tk. housing 27o .Mr. "''"'^ P'^^' 

• ass6ml>).c sa^e with 2?. 

Other foafcupaa o- i- . 

-u-es Ox. the apparatus c-C p£C- 2 'n •. ^ 

provision of a . ' ^ -include the 

30 asaiast the track ^01-^,.. 
preposition the tool . ^ "^^"^^ " 

carrier aascably 2I1 du-'n^ 
Of a particular p-oduoM ""^ Psx-foi^aaoe 

~r a. ^^^^^^ Id 1 l^r;" - 

X-o. trac. such a do.ee, .hleh .ay al^ T I " 
bottoa carriage 30- for th« °° 
o 5U for the ensasoaent of trae^- 2^; . v 
autonatlcally ooatrolled to ^ ' 

j-ioa CO engase and dlsec^-y^ ^ 

"to, to„x . 
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FLS. 3 lllnatrstoa farther dotdls of £ ajctem cnploying 
cno cr noro ra^otclj controllod toolo or dcvicee as doscribodt 
A sourco of cocncjrid control uczca^oz ia oporatlvo at a station or 
console 59 whicb lo aituctod roaoto froa tlio poT7or operated dc- 
vlcos controlled thereby* Ssid EGCGa£05 aey bo gGnoratod by nan- 
ual noans Including a dial oporatod cr push button dl£;ital pulse 
train gcnoratinfi; device 5^ or a cod© genoratine device such as 
the described card, =tapo, diao or drun reader having recording 
olosicnts containing said command control ncscaGoc which are se- 
quentially ccanj::ed in the reader to generate aaid uocca^oo . 
electrical cicnalc* ^e outputs 52 of 5I and 55 of are con- . 
nccted to a signal trans!i:ittc:r 60 \7hich ia opcrativo to tranmit . 
by short rave or wire 6I the outputs of devices ^1 and 5I* a 
plurality of recoivora for power operative production dcvicoa 
16-1, 16-2, etc. 

AssuEiing that the cc3:r.:and control nessago generated on 

the output of. transsJ-tter 60 ia destined for the power oporatod 

devices associated with station l£-l, said mossaso is received 

by the receiver 62-1 thereof us vroll aa the other rocoivora 62 

of the syatoEi but Is only gatod to the conti-ol apparatus coupled 

to the output of receiver 62- 1, to the o;:clu3ion of all other . 

control apparatus in the ays ten, by noana of a tone or coded 

relay CR-1 connected across the output of 62-l» Tao relay CK- 1 

slow- to-close or bl-stable 
rhich contains a nOr=:aliy opqn/s^^i tch, ie operative to clooe said 

sT7ltch in responso to a first portion of the connand control laca- 

ssge v;hich nay be a code or tono of such a characteristic as to 

activate aaid relay to t}ie exclusion of similar types of relays 

each connected to an output of a respective of the other receivers 

62 in the systea. 5he rciisinder of the ccnmand control nossago 

is then operative to perform the following fiaictiono: 

rihe next portion or unit code part of the cociniand control 

message is passed to a second coded relay CK-2 and is utilised to 
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activate add roi/i-T 

8c^..„h 6, to ,,,, 

"-a or .my proaoUrat,»a .witching p<.=lt,o„ ,^ . 
r...lv„ &-1 , ^ l«>=ltlon. 11,0 output Of th. 

oll..^., , '""-"^ <S to . 

Uch ^^^^^ ^^^^^^^^ ^^^^^^^ 

.-Ut. o^„oo,^ trac. o. . .o^^tlo .,o.,a,„, ,1. 

firlvca hy a servo device i:iD i7hich, in th« ^n. 

ircv.^ =P».tl™ in ono of t« .olooto^ „o.o, 

in U^n, oou3t=.t op.o. ^tUlon of too „ 

* Plurality Of ™p„au=tl,„ h.o,, ope.-atlvoai, 

::r;r::::r:^ - 

as a ,ouroo of a piuralitj, of oo==ana ooutrol 

:r°:r r-^-f- — .0 ..o. „o.a.i r 
: : « °? ™ — to a 

respective input of a cod 

s-itc «. t.e -iL ;/ ''^^'-^ 

^PUt Of a ,„oon. .ota., .tapPla, a.ltc 63 fo. ^.t.l.utla, 
Portlo.., .of tho .oprcuco. co^,an. .ont^u., ^ 

P.-o.ote,=l„l^ cont.ollo.3 ..-McU ..a opera^-o f 

Opera uiva Tor controllinrr 

2r'°°t " »p-tivo 

ao,.coa. ^o a.Uo. ^ la .t.ppo. to ,ato t.o to L 

^-ou3 ou.put. theroor by n.cns or a t^^ t,,, . 

ars utilised for controlling the 


17- 


further control dovioes coupled to the outputs of 68« 

A typical cycle or oporction will now T&e described in order 

I 

to deaoribo the various cozitrol coaponents anql features of the 
parti oularr system illustrated in the drawing* A first portion 
or oodo tmit of the command control moso age is gated on lino 66* 
through suited 68 to a predoterraining controller PrCIbc. which is ^ 
operative to control a first servo motor Mx for positioning the 
machine tooV in a first direction along guide or track 22. It is 
assumed that carriage 30 is located at a predoterniined position on 
the track 22 as defined by a home position locator stop or pin U9 
and a limit switch 1|9» mounted on the carriage 50, which switch 
is operative when its actuator ora strikes 1^9 as the cGrrin£© JO 
moves to said home position to have stopped motor llx vrlth,- for 
example, en end of track 22, Controller PrCUx may be of tho code 
or pulBO-presettable type as described in my said copending tnpli- 
cation, T/hich is operative to receive a pulse or tone code or 
predeteminod number of digital pulses comprising the portion of 
the command control message gated thereto, whicli pulses preset 
tho controller or counter Yvhereby it operates thereafter to gene- 
rate a stop-signal upon receipt of q predetermined number of 
feedback pulses produced with movement of the carriage JO along, 
track 22 by a scanning means such as a limit switch or photoelec- 
tric cell IjS which scans inoromental marlcs, holes or grid devices 
i;8M along track 22 or disposed on a member positioned adjacent 
the track, and generates a pulse each time a grid line i|8 or pin 
is so scanned* 

The next portion of the conimand control message is operative 
to activate code responoive relay CK-J to atop or rotate suitoh 6G 
to the next switching position to gate the following portion of 
the message to a second predetermining controller PrCIIs which is 
constructed similarly to controller PrCMx and is operative to 
control the servo motor which drives the tool or tools in a 
vertical direction for propositioning said tool in a vertical 
direction relative to \70rk dispoeod in alignment thorc^lth as a 
result of controlled operation of motor Mz. 
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Ibe coded relay CR-5 which controls operation of the 
rotary switch drive element of switch 68 Is next energized by a 
code or tone comprising the next portion of the command message 
to step the Input 66* thereto to an output extending to a third 
predetermining controller PrCMR which controls operation of fix- 
ture rotating servo motor MR for angularly positioning the tool 
moiinted portion of the fixture relative to tiie work described 
elsewhere herein. The Input 66' Is controlled by the stepping of 
switch 66 througjh CR--1| and S-^. Said servo motor MR may be oper- 
ative to rotate the entire fixture on Its base or overhead mounted 
carrier or to pivot one or more portions of the fixture and the no- 
tation may be representative of a plurality of such motors opera- 
tive to rotate, project or pivot different portions of the fixture 
and/or tool. 

Further portions of the reproduced digital message are 
operative to activate the relay CR-3 which effects rotation of 
rotary switch 68 for gating predetermined portions or units of the 
message to other controllers for controlling operation of the 
tool or tools disposed on the fixture prepositloned by motors Mx, 
Mz, MR etc. Hie controllers illustrated in Pig. I4 are presented 
to be illustrative only and their number as well as mode of opera- 
tion and devices controlled thereby may be varied according to spe- 
cific production requirements. Ihese controllers include pulse 
presettable predetermining controllers PrCUT-l and PrCIi'1V2 the 
function of which will be described and one or more variable con- 
trol devices MTC which, in their simplest form, may comprise mul- 
ticircuit timers or the like adapted to gate electrical energy or 
pulses to the respective of the start and stop controls of the 
various motors and servos such as Mx, Mz, MR, MT-1 and M5^2 in 
sequence and of a time duration or time separation such that the 
tool or tools T-1, T-2, etc. mounted on the fixture will be oper- 
ated in a predetermined manner during a production, inspection or 
maintenance function and/or will be moved through a predetennined 
path after being prepositloned as described. 


Assuring Tlrst. that tho tool trcnoport cionnc or oarrlor 
asoeably 2l| Is located ^rith tho carrlago 50 stopped at a hoao 
position as doflnod.by a pin ij? or other stop looatod on tho . . 
trnok 22 which engngoa tho actuating aita of limit switch 1^9' 
counted on JO causing said aT7itoh to. activate the stop control , 
S. of motor a start, pulse conprising a portion of tho repro- 
duced cOEmand control nessago is gatod through rotary switch 68 

68-1 

and transmitted on an ou tput/ there to tho start control P of 
motor Ux causing said motor to drlvo. tho assembly 21} along .track 
22 in tho diroction of the nork pleco or device trhlch la situated 
adjacent said trade and is adapted to bo operated on or scanned 
by the tool mounted on assoiably 2l}* As carriage 50 travels along 
22, photooloctrlo sccnner 1^8 scans position Indicating marks il8M- ii; 
posed along -^Ijacent track 22 and Generates pulsos for uncoumt 
ing tho pradotermlnlne counter controUor Prdisc \7hich has been 
preset by a portion of tho cormand control messago. Upon uncount - 
Ing, the controller PrCMx transmits a control pulse to the stop 
control S_ of motor ?»bc and the f prward or up-^drive control input 
U of aotor lis to cause the carriage 26 to rise frcm its lowermost 
position at the bottom of the track defined by vertical meiber 
25, ■■foccunting of predetermining controller PrCTs Is effected 
by ncans of a svjltoh SVr1!z positioned to become actuated t7ith . 
rotations or fractions of rotations of the output shaft of gear 
motor lis and to generate a pulse each time It is so actuated 
-which Is transmittsd to the uncoinit input of controller PrCTz* 
Upon unccuiiting, controller PrCIls generates a control 
pulse uhlch is transmitted to tho stop control S_ of lis and to 
the start control F of notor I^H \7hlch rotates the fixture or 
portion thereof mounting the tool a predoterriined degree. . Con^ 
trol of Is effected by a limit cr^itch ST^TIR generating feedback 
Blgnals as it boccmes actuated by means of a cam mounted on the 
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abaft of the output of goav no tor URp oiiid s^ltoU providing food- 
back, uncountlng pulsoa to tho uncouat Input of p.redotcrslalng 
oountor controller PrCUR. Upon uacoimtin^^ con^voilor PrCMR 
C;onoratoB o pulao phlcli la trrnsnlttcd to tho stop control S of 
motor MR and to tho start control F of motor or tool oervo MdVl 
v/hloh Ifl couplad to tool or pov7or operative device T-l» d© 
output shaft of J53U1 is oporativa to actuate a limit sultoh sn!I2V-)L 
or operative for sensing the rotation thereof v/hich genera toa a 
feedback pulso end transmits some to the counter controller 
PrCMT-l which effects unoomting of said controller* Upon attain 
ing its uncount condition, controller PrCI3rr-l genoratos a control 
pulse and transmits some to the stop control S of LI!M» 
For certain fabrication, inspection or nainten:ince functions it 
may be merely required to oporato the tool, clcnyp or inspection 
device T, for a predGter:nlnod time intorva.! or degree of movcneni; 
thereof which \7ill be sub strmtl ally a function of the nunbcr of 
rotations of iiio output drive shaft of the. gear-motor or servo Ilk 
.In other production or malntcnanoe functions employing apparatus 
of tho machine or station I6-I v/hich is more cosples: in operatic^, 
it may be desired to operate one or more additional servos, tool 
or inspection devices after tool T-1 has boen oporatod» In Fig© 
control mosns are provided for eitlicr roversing operation of oac}i 
of tho sorvos HH, H2 and to cause tho rospectivo assemblies 
moved by each to return to a hone position for activating a 
further tool or tools reprosentod by notation T-1 or for activat- 
ing one or more prodetsrainiag controllers UTC for controlling 
cither or both the tool or transport drive motors in a predeter- 
mined cycle Tv'hereby the tool or tools move throuch a prcdctormir 
path and operate in a prodetox^JLned manner at the location at- 
tained by moans of the positional control affected by the first 
portion of the command control mcscage. 


r 
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Portions of the cosmsad control noasese nay bo oporatlvo 
to orroot tho selcotlvo oporctlon of oertcln of tlio eorvo motoro 
or power operated dovlocs to. tho oxcluelon of others by octlvat- 
Ing oertaih control eloaonto to the esoluslon of others during a 
particular "control cycle. For exmple, a single presotting pulso 
aay be gated through switch 63 (x7horeaf ter said sirltch stops to 
Its noxt position) to. any of the predotercilnod controllers PrC:.b:, 
PrCMz, PrCOT, peralttlng operation of the rospootive servo con- 
trolled thereby for only one rotation or fraction of rotation of 
its shaft so as to result in little or substantially no uovement 
of tho apparatus driven thereby. 

Turning now to the operation of prodotoCTining controller 
PrCMOVl, it is noted that the output of said controller on trhich 
the uncount control pulse is gatod, is connected to inputs to a 
nuaber of sv7itohing control elraents or circuits designatod ^T^^t 
57b and 57c* a!he3e control circuits cro logical £110 critchlng 
circuits which are each operative ;to genorato a pulso on its 
rospeotivD output uhon its ti?o inputs are simultaneously eaergizeh 
Accordingly, the other inputs to the AlTD control devioos 57a, 57b 
and 57c are connootod to raspootivo further control elcnonts or 
circuits 56a, 56b and 56c any one of t;hlch nay be energized by a* 
. signal portion of the ooinniand control nesoage gatod thereto frca 
a' respoctivo output of the rotary Si7*itch 63, In their oinplest 
fora, tho control dovicos 56 coanriso a bi-stsiblo s\Titch or 
: flip-flop \7hich is operative when energised by a signal passod 
to its input fron switch 68, to gate a power supply (not shcun) 
. through 56 to energise the input to the AlID cvritching oleiicnt 57. 
connected thereto until the prouotornining controller having its 
output oonneotod to the other input of said Al^'D sT7itching elerLcnt* 
imcounts. In other \?ords, if it is doslrod to reverse the opera- 
tion of no tor MR after motor liT-lhas finiehod its oyclio function. 
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control element will have been activated by a oignal portion 
of the ooHcnond control messcgo £;:^tcd through switch 68 thereto to 
the exoluaion of the octivotion of control dovicob ^6b ond 
as tho result of the avritching of 68 past the terniinals of the 
switch obnnpcted to tho inputc to 56b and 5^c viithout gating eig- 
nale through a aid iswitch thereto. If 56a is so activated, then" 
ivhcsa controller PrCMT^l uncounts, the output thereof v/lll only 
activate AITD s-sritching cle^ient 57a resultir^g in the* generation 
of a control signal on the output of 57a v;hich is passed to the 
reverse control R_of no tor -*^R and tho ctop control S of motor JIIIVI 
A tiae delay rslay (not sho-ro) nay bo provided in the cirou:Lt be- 
ti/een 57^ servo ISR to perznit motor U7-1 to stop before 

tho operation of MH^ if necessary. 

ahus tho output of AND switching circuit 57a is utilised 
to puis© tho stop control of servo H^T-l to terainata tho oporatior 
of the tool mi powerod or controlled thereby and is also utilised 
to drivo motor iSR In reverse to It's, hcno position which, when 
obtained, is operative to activate a limit switch 59 engaging a 
portion of tho fixture driven by servo device UR. Activation of 
suitch 59 is operative to gate a control pulse to the stop con- 
trol of tlR and to the dom drive control P of servo l£s» Acti- 
vation of control S_ of servo liR is operative to stop said servo 
yith the fixture driven thereby at its "ho3ie"position uhile acti- 
vation of D of servo I5z is operative to drive carriage 26 to its 
loi7er:2ost, TiO!ae"position on tho track associated \::ith tho vsrtioaj. 
column assembly 25» Upon attairnnent of said louorziost position 
by said carriage, a further control limit snitch SviLo no'ontcd on 
either carriago 26 or vertical asseiably 25 beccnes actuated and 
gates a pouer supply or pulse to the stop control S of notor IIz 
and the reverse drive control R of gear notor IIx resulting in 
novenent of the assembly 20 to the 'hone" position defined by the 
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track mounted pin 1;9 at triilcb pocition licit cnltch boccr-cr* 
aotivatod and pulsoa tbo atcp crntrol S of motor Ux resulting in 
stoppage of tho assembly at £)aid hcao pooition* 

In tho cvoat that it is dosirod to includo tho prGdotoPr 
mined oparation of a further tool or ponor oporated dovico T-2 
la tho horeinabovo doscrlbed oyolo or to porfom furthor prodotor* 
nlnod oporatlons inoludlng covesient of tool or dovico T-l^ tho 
command ocntrol ncssa^o ulU havo boen oo ccziposcd a3 to have 
pulsod or activated certain of tho other control eloaonts 56b, 
560, pto* Fbr esaraplo, if tho coaaand ocntrol mcsoaso is 

opera tivo to pulao control switch ^6t> gating a po'jcr supply to 
the AHD s^^itchlng cirouit 57b to the eKclxraion of circuit 57a, 
then,tFhcn controller PrCii^IV-l uncounts a sig^ial \7ill be generated 
on the output of MD_ circuit 57b vjhich is passed to tho forward 
drive control JP of a reversible gear aotor thereby causing 

no tor to ^ drive tool or dovico in a first direction* 

!Iho output of MD_ circuit 57b is aXso passed to a resetting or 
doaotlvating input of control s\7ltch 56b so as to deactivate 
SEsie once its function has bosn fulfilled as are. tho outputs 
of each of tho other illustrated _AND^ switching circuits* In - 
other uords, uhen control s'wvitdias 56 are so doactivatod, tho - 
po;7er supply gated to tholr rospoctlvo A1?D switching olomonts 
ara no longer conneotbd tboroto© A f oedbacl: signal generating ■ 
5v?itoh SF;iji^2 is coupled to operate uith i^tation of tho output 
shaft of servo 11^2 by noans of a caa or other sultch energizing 
device mounted cn said shaft and provides feedback pulses to tho 
predetarEining counter ccatrollor PrC:!T-2« Upon uncounting, ' 
^C:tT'-2 generates a pulse on its output T7hich aotivates tho 
stop control S. of UT^2 end is also utilised to energise either 
tho dcun drive control _D of c:otor Us if the tool operating por- 
tion of the cycle is to end at this point. Eo\revor, if it Is 
desired to effect furthor novcscnt end/or operation of cne or 



nore of tho po'c/er oporntod toolo or dovleos, the output of PrCU^;! 
nay be utilised to activate c r"^zot ccntrollor UTG ouch as a 
multi-circuit tJ^ier bavins o plurality of output oirouita chich 
©xtoad to thooo of tho illiaotrated taotor otcrt, otop end rovorao 
controls which cro deaircd to boccno activated in soquoaco and a 
predeteimincd. tine delays after tho initial cnerciscition of UTO tif 
porfOCT tiio dGsirod.oporatioa of tho described apparatus^ \7hilo 
th© nulti-circult controller may be preset or prodotermined in lt:i 
function by a portion of the ocriniand control mcssaso, it may also 
be manually preset to porfoiia a predotemined production oporatio^ 
and nay ccnpriso but one of a plur:illty of such cycle controllora 
t7bioh are operative, only whon a coiitrol suitoh 56d therefor is 
activated by a portion of the ccr^np.nd control nosso^e and oncrGlsia 
en input of cn i^ID Cu/itchlns. circuit 57d having its other input 
esteadins frc3 tho output of cDntrollc^ PrCr5m2. 

In order to prevent cctivat-cn of the doivn drive contro; 
D of servo i5s v?hile the cyolo controller uTC is activetodp on© 
of tho outputs 71 of controller HTO lo cczinoctcd to tho sv7itchins 
input of a noi-iGlly olosod switch 70 in the circuit bot^yeea 
PrC:JT-2 cud tho dOwn drive control D of Uz to effect tho activa- 
tion of 70 end the opening of said circuit so as not to pei^ait 
the control pulse generated by ?rCl^T-2 to enerii;iso D of 152. A 
time delay relay 69 is provided in the circuit botryccn tho output 
of PrCL!T-2 end D of Lis so as to delay the pulse a cuffi cleat in- 
terval CO that it T7ill appear at the input to erltch 70 after 
said s\vitch has opcaod# If cuitch 70 rer.ains closed in tho event 
that controller UTC is not activated, said pSlse v?ill bo passed 
direatly ^to D of Uz to effect the torainatioa of tho trork cycle 
uhoroaf tor the carriage 26 is driven to tho Icner (or upper) - 
homo position resulting in the activotioa of control liirdt siritch 

STTZo uhich stops said ccrrlGge at sold position and activates 
the reverse drive control R of motor lis resulting in the return 
of the tool assenbly or carrier 2i| to tho home position defined 
23y pin 1|9 track 22» 
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la tho control funct'ona doooribod employing the roproductiou 
of rocorddd connnand contrcl r-cosogea to preset or onorglzo con- 
trolB of various prodotoi'mlrtine oontrollors, oporatioa of tho 
multiple channel^ endless track magnetic recorder rocordlas 

i 

modium vac assumed to bo contlnuoiis so as to pomlt the recording 
of now control Ciessages vhile meascgoa already recorded thereon 
are being reproduced. It ia briefly noted that if a coDplete 
coxaand control ne3f;G5e is recorded on a single channel of Iihe 
nulti- channel recorder and is utilized as described to preset • 
various of the predotermning controllers, tho correct portions 
of ssid message may be gated to the correct predetonaining con- 
troller inputs by the provision pf a noraally open snitch 69S 
in line 66* v/hich will not pass any portion of the connand mocscg^ 
doatined for tho controllers situated beyond svyitch 63 until 
the appearance of tho loading portion of the cissscge on line 66' 
which contains a tone or code operative to energise relay CRJ* 
Spitch 68s is oporatively coupled to CRJ and is closed thereby 
when' tho latter is energinod and remains closed for a s'ifficient 
time interval to pass tho longest messages to be gated to the 
various controllors situated boyond 68, In other vords, switch 
68s is either olo-;-to-op6n-af ter-closlng or may be operative to 
close as a bi-stcble srritch by a portion of the control message 
gated therethrough. Switch control CRJ as well as the others 
are assmed to contain, in addition to activating ziecns respcn- 
slvQ to roapective codes or tones, means for activating the varioi 
rotary sivitches ai-id gates illustrated in Fig, j upon receipt thor6 
by of the proper zcno or code* 

notation CD refers in Pig» 5 to a coded relay operative to 
gfjjrt drum drive motor r;hich is preferably a constant speed 
motor# CD may bo activated by either a code or tone x)ortlon of 
the conmand control nessago or one genoi-atod by on operator cfc 
the conputer station 50, 
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while motor MD preferably operates at constant speed to 
permit the recording of certain messages while others are being 
reproduced and used for control purposes, it may also comprise a 
stepping motor operative in response to a coded or tone 
responsive relay energized by portions of a command contol 
message or signals generated on the outputs of predetermining 
counter controllers PrCMx, PrCMz, PrCMR, etc. and MTC so that 
portions of a command control message are reproduced sequentially 
only after the previously reproduced portions have been operative 
to preset or energize the previously controlled mechanism. 

Notation MR in Fig. 3 may also be representative of any 
motor adapted to effect operation of the tool transport in a mode 
other than those modes controlled by motors Mx and Mz - It may 
comprise a joint rotating motor or one used to project and 
retract the tool. It may also define servo means for controlling 
other fixture or tool variables. 

In Fig. 3 each of the predetermining counter controllers 
PrCMx, PrCMz, PrCMR, PrCMT, and PrCMT-2 is provided with an input 
R which, when pulsed, is operative to reset the counter to a null 
condition. A code or tone responsive relay CR-6 has its output 
connected to all of the resetting inputs R of the PrC controllers 
and MT-2 and its input connected to the input side of the switch 
of relay CR-1. If it is desired to reset the controllers for any 
reason prior to their operation, such function may be effected by 
transmission of the proper codes or tones from station 50 to the 
receiver 62 for energizing relays CR-1 and CR6. 

In Fig. 3, the fixture and carriage locking solenpids 32 
and 30s which have been described as to function, are advanced to 
engage and retain their assemblies against the said respective 
surfaces by the uncount pulse produced on the output of PrCMz and 
are each retracted by the control pulses generated respectively 
on the outputs of switches 70 and SWzo to disengage their retain- 
members at the end of a work cycle. 
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Bio oonmand oontrol signal recording and reproduction 
apparatus hereinabove described may be modified to include 
operation ^hero certain tracks of tho recording drum 65 are 
adapted to receive and record command control messages transmlttcl 
from computer 5^* while other tracks contain recordings already 
provided thereon by locally recording same or other moans and 
operative to effect predetermined movements and operations of 
the tool or device associated vlth the machine being controlledt 

In the control function where recordings are transmitted 
from station 50 recorded on selected or sequentially avallabl 
tracks of the recorder Q\p automatic signal orasure means may 
be employed to ei?ase each command control message after it has 
been reproduced therefrom or during the recording of a ne^ message 
on the same tracks In the event that 16 is desired to retain 
certain signal recordings such as those V7hlch may be Imaodiato ly 
or shortly thereafter reused for repoatiiig a particular controlled 
action, erasure control may be effected by use of a tone respon- 
sive or coded relay gating a power supply to an erasure means 
such as a head riding on the traok Just reproduced from,seld 

coded relay being connected to receive the control message and 

to 

respond to that tone or coded portion thereof/which it is respon- 
sive. Notation 67 refers to a rotary stepping switch in Pig. 3 
operative to connect a power supply PS nlth an erase head E3 
which is riding against the track Just reproduced from, when a 
coded relay CR5 is activated by a portion of the message reproduc^Jd 
therefrom to effect the last mode of control. 5he activation of 
sultch « signifying the end of a cycle controlled by a partlcul:jir 
coaraand message may also bo operative to result in erasure of the 
channel from Eoid message was reproduced connecting said 
switch .lj8« to activate CRJ or the solenoid controlled thereby. 


• 28 - 


0 0 


In anothor form of tho Invention, Vho described digital 
or pulso train rocordlnss which cvo roproducod ns part or all 
of tho coi32Qnd control noaococs froa magnetic druzi 63 C107 
bo roplaoed by a plurality of analog type aignals rhlch ore 
operative upon being reproduced from the recording mosiber to 
directly control the noveaent of one or nore of tho described 
fixture or tool motors* Said analog may be transmitted from 
control cons61e ^0 or prerecorded on selected channels of drua 
63 ond reproduced \7hen heeded as the result of the action of 
one or more signals tranenitted from 50 ^^d operative to effect 
tho selective and sequential reproduction of said analog signals^ 
to define a particular control cyole^ In other words, apparatus 
of the type described may be oporativo by controlling one or 
more servo motors by means of signals recorded on selected and 
predetermined of the recording channels of the drum 65 which 
are selectively reproducible thorofrcm under the control of 
signals transmitted to the rsceivirij; moans 62 of the selooted 
station 16 from the computer or other device 5I4 or the manual 
signal generating means 51, Assuming that there ero n number 
of predetermined operations which the machii-,o at station I6-I 
may perform or be required to perform over a given time interval 
or to cover, all possible production, mCi'lntonance end inspect-^on 
functions* then a aimilar niinber of command control messages or 
analog signals would be recorded 6n kno'^n locations of the recor- 
der such as on kno\vn tracks of the drum and each \70uld be selec- 
tively reproducible therefrom by transmitting the desired signal 
or signals to the receiver 62-1 to erfeot> as described, the 
stepping of st/ltch 66 to connect its output 66' v/lth that pickup 
head PU T?hich is operatively coupled to repc^oduco from the ohanno;. 
or track of the drum having tho desired command control message 
recorded thoroon. 
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For ccrtQia fdbrlcztin^ Inspoctlca or naintencnoo funo* 
tions utiXislog tho apparatus borainabovo doccribed It mtxj bo 
dooirod to porfora a plur^illty o£ £>poT;:o3itioning novcoiotito of tho 
tool or powor operated device in the vicinity or tiio particular 
t/orldjos location at uhich it woa initially positioned by novcacnt 
or the carriage JO along ^aido or track 22 and carriage or rixturo 
26 vertically relative to track 25«. For exG=^l©# it may bo de- 
sired to step the tool^ once located at a particular spatial 
: locution in a particular direction or dirootlons to perrora a 
plurality of oporationc roletivo to a work piece located ttieroat. 
ThQ functions of drilling a plurality of holes in a 'line or in 
any prcaeterciinod array, applyins a plvirality of faotcnors or 
esseabling components with the uork piece in opaced-aport relatic:}: 
ship, stepping a po;7Gr operated device auch as a xjeldlns tool^ 
inspection tool, or the like nay be required thereby return of 
the tool transport 21} to said home position each time the tcol 
operates trould result in the caste.' of a subctcuitial enount of 
tine. Accordingly, means are provided in Fig* 1| for modifying 
the control apparatus of Figa .3 to perziit any of the described 
tool positioning end/or operating cqi^-to motors to operate a plu- 
■ rality of tines during a single cycle to perfox^ predetorziinod 
operations on. a cork piece in the reala of the tool or tools 
positioned by said transport ne^ns« 

VJhilo zneans aro providod in Figo k cutc^ctically 
-controlling the- prcdotciciinlns ccntroller^PrCLis in a nanncr to be 
doccribed, it is noted thct a plurality of said controllers in- 
eluding others thoroof as dcscribod uay be zi^ySla^vly controlled 
in ceraence in a predoteimincd cycle as defined by tho cczipositic:. 
of the cczinond control message pacscd through srritches 66 end 63» 
The pulse preset table prodet Graining countar PrCIIx is preset by 
a portion of a first of tho ccinnand control nesscgcs roproaucod 


froa a first channel or trcclr of rooorr.l.-s necrbor 63. FeGfibscJi: 
signals senerctod by motor to lacorni v^ci'^ «d result In a flrat 
control Blonol bolng genoratod on tho output of PrCic upoa attalnL 
Inc Ito wndount coaditloa. Said elgnal is trea^itted to tho atop 
control S of Hx and to an AND 8T7ltching circuit 57e. tOie othor 
Input to 57a is connacted to the output of p bl-atablo onltch 563 

ono of tho outputs" of rotary control " 
BiFlSch 68. The controller sultoh 569 proTorably ccaprlaos a bi- 
stable a^sitch operative when onersisod by a pulse porfclca of the 
co=.and ''-If l^;-J^^o^Pa3ocd through 68 thereto, to gato a 
po:7er oupply/or/signal to an Ir.put of /JlD Erltohing circuit 570 
mtil an output control. slGaal appeara cn tho latter. Tbus, if 
the contend control mossase la =0 conatimcted as to activate 563, 
imcounting of PrCIx ^111 result in a alc=al cc:icrated on tho out- 
put of the /ND switching circuit t^hich is passed to tho tone or 
coded relay CR-ij controlling the position of tho sritchlng dc- 
Bont rotary stepping ovritoh 66. She. oormand control messago ro- 
cordod on. tho next .channel of recording drm 65 V7hich is couolod 
to output lino 66. of 66 is passed therothroush and la operative 
to step st^ltch 68 by, activating coded relay CE-5 the correct • 
number of tines prior, to the passage of a pulse code or train to 
Pi'CIfa agaia and a signal to the aiart control P of 11= or the re- 
verse control thereof for repositioning c:.rriogo 50 and the tcol 
thereof in a horizontal direction. Upon unco'^ting, PrOlIx znay bo 
operative to perform any of tho control functions hereinabove 
described v;hlch may include operation of one or core of the pcuer 
operated tools or devices. 

In a sinllar n^er, any of the other predetortninlng 
controllers PrCK::, PrCIiE, P-rc:^T-l. PrC-aT-2, etc. nay bo controlled 
in a prcdeter^ncd manner to stop the tool in any direction, cause 
it to travel a prodeteP.ained path, and/or predotei-^^no its inter- 
nittont or oontir.uous operation. 
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A socond MD enltcbing control circuit 57©' cn«l flip- 
f lop -coatrollor jfia* thorofor avo cIioct oporativoly conaoctod to 
the output of PrC^ md 68 rocpootlvely for controlling tho opcr- 
ntloa of Any of tho othor servo motors described for pooitlonlng 
cndl/or oporatlng tho tools in tho mcnner described. For c^cnplo, 
assuming that tho conmand control mossago fioos not contain a 
coranand portion io bo passed through svrltch 68 to tho input of 
560 but does contain a portion which will bo pcssed to 56a* T^^hoa 
the am of switch 68 is operatively coupled to tho lino or ter- 
minal thereof which is comocted to 560*. As a result^ that 
servo or power operated dovlco which is conncctod to the output 
of 57e« will boccso activated upon the uncount of PrCi!x and may 
be controlled as described by generating feedback pulses with its 
operation which aro fed to a rospective predotoxTinined controllor* 
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In Fig. 2, control oi&ments II7 and II8 In the form of 
limit switched or surfaoe aensing devioea vara ahown mounted on 
portions of tho tool head or toni^^t and vere defined aa operativa 
to sense the surface of a vork piece tovarda vhich the tool la 
transported and to effect farther control of the movement of the 
tool upon hecoming activated* A modification to the control 
ayatem of Fig. 3 ia illustrated in Fig. 5 in which limit 
switches 117 and II8 are illustrated as forming part of the 
control circuitry. It la, of course, assximed that in Figs. 1| 
and 3« the other elements of the circuit not illustrated therein 
are provided in Fig. 3 and are present and are modified accord* 
ingly. 

Limit switch 117 is assumed to be operative to sense 
vertically disposed surfaces of the work piece represented by 
the notation Wl and limit switch II8 is operative to sense hori- 
zontally disposed surfaces of the work piece located below the 
tool which. In this modification, is moveable towards the workl: 
piece from above. Either or both switches II7 and II8 may be 
operative to preposition the tool relative to the vrork piece. 
Assuming that the tool Is first being moved in a horizontal di- 
rection by operation of motor JIx and that limit siritch II7 is so 
positioned that its actuator arm or sensing element v^ll first 
engage a vertical or substantially vertical surface of a work 
piece or other member adapted to be operated on or scanned by 
the tool. The motor llx is first started by a portion of the 
command control message passed through switch 68 while the pro- 
determining controller PrCKx has remained deactivated as the 
result of failure to receive presetting signals as a portion of 
the command control message. It is of course assumed that the 
tool or tool arm having switch II7 mounted thereon has previously 
been positioned at a desired vertical location by the predeter- 
mined oporntion and control of motor He. Upon approcchlng said 
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vertical surface, the crltch II7 becones activated as the rostat 
of enfiQgpaent of- Its actuator: ovm against the surf ace Wl of the 
•arork ploco or othor elo=oat counted In its path of travel. Clo- 
sure or activation of sv7itch II7 rosults In the genoratlon thorob 
of a pulse signal and Its transalsslon to the stop control S of 
motor ISx Bhd one Input of. an, AlID switching circuit 57f, !Ehe 
other Input, to 57f is from a flip-flop, controller jfif having a 
Buitching input connected to rotary stepping e\7itch 68 and opera- 
tive to becone activated upon transmission thereto of a portion 
of the cosiaand control nessage* TbxLs l)f the cosziand control mes- 
sagedsoperative to aotivate 56f, upon the activation of suitch 
117, motor ibc will stop and a pulse generated on tho output of 
57f will be transnltted to the relay CH-li for stepping switch 66, 
As a result, the next coicnand control ccsscgc recorded on tho 
drun 65 is roprcducod thorefrox and passod through switch 66 
and gatec portions of itself to those prcdetcroilrir^ controllers 
GXi6/oT sorvo motor controls .defined for cyclic operation in oaid 
next reproduced coninand control aessage* Sinilarly, if switch 
118 is activated when it is driven against horii^ontal surface va 
by movement of the transport apparatus, it will generate a pulse 
on the output of AND switching circuit 57f provided that.56f has 
been energized .by a portion of the ccimiind control mcsscgs and 
will result in the generation of a now corjiand control message 
for further controlling selected of the servo motors described* 


\ 

1 Other reaturea of the Ir.vontlon are noted na followa* 
As atatodf the tool trcnsport rixturo may be provided 
In a variety or machine coaflgiiratlouo cmd may bo floor, over- 
head, wall or nacshlno mounted or movable on.gul.do means secured 
to a plurality of such looations. Various configurations for 
such tools epd fixtures are illustrated in my: said abandoned 
application and vary from a single column subtending from en 
overhead tr^ck travailing carriage and having a tool such as 
a spray head or scanner' motmted on an arm aupportod by a varti* 
cally moveable fixture to one or more tools movable at the end 
of an aim or assembly vrhlch is moveable in a plurality of uays 
by pivoting, rotating, projecting, rotrecting and otherwise 
moving portions of the fixture with respect to each other and 
the carrier or mount supporting the entire assembly. Each 
assembly or moveable portion of the entire fixture may bo 
power operated to rotate and/or translate by means of ono or 
more servo-motors coupled thereto* throixgh gears or othor 
drive means and mounted on said said assembly or the adjacent 

assembly* Sequential control of the various servo motors to 
eff 6ot^venttal)preposl tloning of the tool or tools as described 
or by modification to the control apparatus hereinabove provided*, 
■ Such modifications) may include the following \?hlch are intended 
to comprise part of this Invention. 

Signals reproduced from an erasable recording modlum 
such as the magnetic recording drum 65 may be secuontlally gated 
directly to the controls of one or more of the Illustrated and 
described servo-motors used to position the fixture, tool and/ or 
to operate said tool in a predetermined and progrf.Tmod manner. 
Said signals may bo utilised per so or generated as part of tho 
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doBorlbed conmand control mess&ge to effect at leeat part of 
the control funotlone described by direct control of the servo 
coupled to the reproduction transducer reeding drum In other 
words, predetermining controllers PrC and MTC may be eliminated 
completely during a control cycle ^bere the precision required 
in the operations of the apparatus is such that feedback slgnala 
are not required and the operations of the servo motore 6nployed| 
may be controlled by the duration or composition of the signal 
or slcnals reproduced from the recordings ter^porerily provided 

on member 65 by transmission, thereto. as described, A combin- 

flxture positional 1 
ation of/control effected by one or more predcterrr-inlng controll- 
ers as described and direct control of the tool operation itself 
by one or more signals reproduced directly from the drum 65 
and transmitted directly to the motor or motors to be controlled 
in operating the tool, may be utilized for certain operations. 
This may be variably effected by operatively connecting those 
servo controls which ere to be controlled by signals reproduced 
directed from the drum 65, to selected of the putputs of switch 
68 which are coupleeble to selected channels of drum 65 by slgna 
reproduced from recordings on other channels. In other words, a 
command control message for a particular cycle is recorded on 
several channels and the latter portions of the message recorded 
on one channel are used to effect switching of output 66» of 
switch 66 to the next channel by energizing relay CRI^ \7hich 
activates solenoid £3 to s^^ritch 66 to the next position. Accord 

ingly, line 66« is shown connected to the inout circuit 

through rotary switch 68 
68«/to relay CRij so that if the proper tone or code appears on 

the output of switch 66 as reproduced from one channel. CRlj will 

become activated and will switch 66 to the next channel thereof 

\7lthout the need for first stepping switch 68. 
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In Pig. 6 i^^ shown details of a portion of an automatic 
production system/wMch Includes a plurality of remotely con- 
trolled machines of the type described or modifications thereof 
and conveying means for work in process disposed adjacent to 
the line of machines. A production line is defined in Fig. 6 
which includes a centrally disposed power-operated conveyor 75 
such as a belt convey©:^ fUght conveyor or chain conveyor oper- 
ative to carry individual units of work, three of which are il- 
lustrated and defined by notations W-1, W-2 and H-J, pas-t a 
plurality of production machines l6 defined by notations l6-l 
to 16-9. 

In Pig. 6, means are provided for guiding a plurality 
of production machines adjacent to both sides of the conveyor 

75* 

Such guide means includes overhead and/or floor mounted 
guide ways or tracks of the type heretofore described and de- 
fined by notations 22-1 and 22-2. Movable along track 22-1 
are a plurality of self-propelled machine assemblies denoted 
16-1 to 16-5 while two such self-propelled production machines 
16-6 and 16-9 are illustrated as movable along the track or 
guide way 22-2 for performing on work from t2ie other side of 
the conveyor 75. A complete production line may include a 
substantial niimber of additional self-propelled machine tools, 
inspection machines and, in certain instances, automatic manipu- 
lators for handling, aligning, transferring and, if necessary, 
prepositioning work in process derived from the conveyor 75 or 
auxiliary conveyors adjacent thereto for perfoimlng one or more 
operations liiereon in cooperation with machine tools, inspection 
devices and other equipment mounted for travel along the track 
ways 22-1 and 22-2 or aujciliary machinery positioned adjacent 
thereto. 



The apparatus hereinabove described Is subject to 
a number of variations and improvements noted as follows: 

I. One or more branch conveyors may extend from the 
main conveyor for the work for either temporarily holding work 
in process until a machine tool or tools are available to per- 
form preprogrammed operations thereon or for conveyingwork 
past a plurality of other machines disposed adjacent said 
branch conveyors. The branch conveyoiB may comprise flight 
conveyois similar to the main conveyor and onto which work is 
selectively shuttled by means of ram type transfer devices 

or they may comprise overhead power or power and free conveying 
means or monorail travelling cranes operative to pick up and 
carry units of work from the main conveyor or from branch 
gravity chutes or platforms extending therefrom. The units of 
work may comprise work per se or work mounted on pallets or 
carriers. Command signals operative to effect transfer of work 
or pallets to said branch conveyors may be generated by a com- 
puter which keeps track of each pallet or work unit disposed 
on the main conveyor by receiving signals indicative of the 
main conveyor's speed and computing each pallet "s location 
or by codes provided on each pallet at each branch conveyor 
location which are effective in operating selected of the trans- 
fer mechanisms. 

II. A single master controller or computer may be 
operative to control the shuttling of each work holding pallet 
not only to each machine located adjacent the main conveyor but 
also the operation of each machine after it has controlled the 
movement of the pallet to the machine and its locking securement 
thereat. 

III. A bridge crane of the type described travelling 
the monorails at the sides of the main conveyor may contain , in 
addition to or in place of one or more machine tool heads for 
working on work or work assemblies disposed therebeneath either 
on the main conveyor or on a platform or branch conveyor adjac- 
nnt Mici'oto. mav have a v.'ork ceiz inr Moaric r.uch as ran inula tor 


Jaws for picking up and manipulating work or canpcmenfcs of work 
or may have work assembly means extending therefrom to permit 
said crane to prick up work and/or machines or machine components 
disposed therebeneath and transfer or preposition same with respect 
to the conveyor, machine tool or work disposed in the vicinity 
thereof. The operative of the bridge crane, its tool or tools - 
amd/or its manipulator depending therefrom may be controlled by 
signals generated in reading codes on a work holding pallet which 
codes are formulated to predeterminately control said manipulator 
or tool or by signals generated by the described master controllei 
or computer controlling either the entire production system, 
a particular tool or group of tools or the conveyor and crane or 
cranes disposed adjacent thereto. 

IV, The described monorails disposed at both sides cf 
the main conveyor 75 of Figs. 6-8 , may support, in addition to 
the described machine tools, one or more carriages mounting onr 
or more article manipulators of the types defined in my U.S. 
Patents3,272,3^7 and 3.259,958 which are automatically controlled 
by computer and/or by signals generated in reading codes provided 
on work holding fixtures or pallets to perform such operations 
as manipulating and handling the pallets, units of work held by 
the pallets, work components to assemble same with the work held 
by the pallets, inspection devices, machine tools and tool compon- 
ents such as cutters to be assembled to the tool or tool holder 
or worn- or broken cutters to be removed therefrom. In the latter 
function, signals generated by the tool controller or master con- 
troller or computer may operate the manipulator to seize and re- 
lease cutting tools or other devices either from the tool itself, 
a tool changer or a carrier therefore located on the conveyor 
75 or a supply rack adjacent said conveyor. 

V, Communication beb^een a master controller or computer 
and the machine tools I6 provided adjacent the conveyor 75 as 
well as the described cranes and manipulators may be effected* by 
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radio* or short wave, micro-wave cominunication means or by means 
of modulated light waves such as generated by lasers located at 
the computer and machine tools. Photoelectric detection receiving 
means may be disposed at each machine tool to receive modulated 
light beams such as pulsed beams modulated with commands which 
are transduced to pulse trains or frequency code signals and 
stored in relaystorage at the tools for controlling the execution 
of programmed operations on the work disposed adjacent each tool. 
Two way communication by similar transmitting means at each tool 
to the master controller or computer may be effected to provide 
feedback infonnation of the operation of the tools to the computer 
which may adaptively or otherwise adjust its output to control 
the tools -accordingly. 


